Halophiles produce stable enzymes under extreme conditions. The scant information about chitinolytic haloarchaea led us to conduct the present study in order to isolate and screen native halophilic archaea with chitinolytic activity and to optimize the enzyme production conditions. Among 500 haloarchaeal strains isolated from water samples from different hypersaline lakes of Iran, five strains showed chitinolytic activity. Based on biochemical, morphological and molecular analyses, we established that all five potent strains belonged to the genus Natrinema. Besides, observing chitinase function in culture media, through an additional molecular test the presence of the chitinase gene in chitinase-producing strains was also confirmed by PCR amplification. Compared with other potent strains, Natrinema sp. strain BS5 showed significant chitinase production. The production of chitinase in strain BS5 accompanied growth, started at the logarithmic phase and increased to its maximum level at the beginning of the stationary phase. Maximum chitinase production was obtained at 37˚C, pH 7.5, 3 M NaCl and 1% colloidal chitin. The strain BS5 showed 38%, 30%, 24% and 28% decreases in enzyme production at 40˚C, pH 8, 3.5 M NaCl and 0.5% substrate, respectively. This strain was able to produce the enzyme in NaCl 4 M and in the absence of MgCl 2 and MgSO 4 . This study revealed the strong potential of the genus Natrinema to produce chitinase at high salt concentrations without Mg 2+ requirement.
INTRODUCTION
Halophiles are a group of extremophiles that require at least 0.2 M NaCl to grow. Microorganisms living in saline environments are not only compatible with high salinity but also compatible with the other extreme conditions of these habitats such as high or low pH, temperature, and the presence of toxic substances, including heavy metals [1, 2] . These peculiarities allow fermentation processes to run contamination-free under non-sterile conditions in a continuous way. Due to these halophilic properties, interest in using halophiles in industry has recently greatly increased [3] . Halophilic proteins have a unique amino acid composition to adapt to high salt concentrations. The surface of halophilic proteins is highly acidic compared to non-halophilic proteins. This feature is important to prevent aggregation and expose optimal activities at high salinity, temperature and pH values. Most nonhalophilic enzymes do not show the same performance under harsh industrial physicochemical conditions such as high temperature, pH levels and salinity. Thus, enzymes produced by halophiles are good candidates for industrial application, and the sustainability and activity of these enzymes in extreme environments have led to their biotechnological applications [4] .
Iran has a large diversity of hypersaline lakes including Urmia, Aran-Bidgol, Meyghan, Howz-e-Soltan, Bakhtegan, Maharloo and Gavkhoni. Halophilic archaea are the most frequent members of microbial biomass in hypersaline environments. The ability of halophilic archaea to produce active enzymes at high concentrations of sodium chloride and their stability in a wide range of extreme conditions that reduce the required sterilization energy make them important in industry [5, 6] .
After cellulose, chitin (C 8 H 13 O 5 N) n is the most abundant complex biopolymer that is relatively resistant to degradation. However, fungal cell walls and exoskeletons of invertebrates are mostly made of chitin [7] and its resistance has caused many problems, such as protective structures in pest and waste decomposition. Thus, these problems have led to increased interest in chitin degradation [8] . Enzymes with chitinolytic activity are produced by different organisms, including animals, bacteria, fungi, insects and plants. Animals use chitinase for feeding and defense against chitincontaining pathogens [9] . Most of the information in the field of biochemical properties of chitinase is derived from bacterial and fungal studies. A great variety of bacteria, such as Serratia, Chromobacterium, Klebsiella, Pseudomonas, Clostridium, Vibrio, Arthrobacter, Aeromonas and Streptomyces, are chitinase producers [7] . Chitinase is also found in fungi such as Trichoderma, Penicillium, Neurospora, Mucor, Lycoperdon, Aspergillus, Beauveria, Myrothecium, Conidiobolus, Metarhizium, Stachybotrys and Agaricus [7] . This enzyme could be applied in agriculture, medicine, industry and fishing for the degradation of redundant chitin-containing components, bioremediation, and the production of ethanol, fungal protoplasts and single-cell proteins [10] ; however, halophilic archaeal chitinases have not been studied as much as bacterial chitinases [11] [12] [13] .
Depending on the enzymatic site on the chitin polymer chain, chitinases are categorized into two main groups, endochitinases and exochitinases. Endochitinases cause random cleavage in the inner regions of chains that produce low-weight molecules derived from glucosamine residues. Exochitinases break the chain from the ends, producing either chitobiose or N-acetylglucosamine [14] . They are present in 4 families (18, 19, 23 , and 48) of glycosyl hydrolase (GH). The GH families are categorized based on amino acid sequence homology [15] . They can be utilized to produce single-cell proteins (SCP) and fungal protoplasts, to biologically control the plant pathogenic fungi and vector insects and also to produce chitooligosaccharides such as neoglycoproteins, glucosamine, N-acetylglucosamine and artificial polysaccharides [7] .
An effective way to use chitin-containing waste by chitin bioconversion to SCP was suggested by Revah-Moiseev and Carrod in 1981 [16] . Since chitin is a structural compound of the cell wall of fungal and plant pathogenic insects, it can be considered as a target for chitinases. For instance, the chitinase genes of Trichoderma spp. were transferred to tobacco and potato plants and they show more resistance to phytopathogens [7] . On the other hand, there is an increasing appreciation of the immense pharmaceutical potential of chitooligosaccharides that are potentially useful in human medicines; a chitinase from Vibrio alginolyticus was used to prepare chitopentaose and chitotriose from colloidal chitin [7] . Chitohexaose and chitoheptaose showed antitumor activity; also, chitinases can be used in chitin-containing wastewater and reduce water contamination [7] .
Despite the widespread presence of archaea, only a few studies have been conducted on archaeal chitinase. Recombinant chitinase activity was investigated in Thermococcus kodakaraensis KOD1, Pyrococcus furiosus and Halobacterium salinarum strain CECT 395 [17] [18] [19] . Staufenberger et al. [20] expressed the ORF BAB65950 from Sulfolobus tokodaii in E. coli, encoding functional chitinase. The potential of haloarchaea to produce novel and stable enzymes in extreme conditions suggest that they may become valuable for biotechnological applications in the future.
In this investigation, the isolation and screening of native halophilic archaea from hypersaline water samples and the assessment of extracellular chitinase production were carried out. Molecular identification of potent isolated strains and the presence of the chitinase gene were also performed. A quantitative enzyme assay and the effects of multiple factors on microbial growth and chitinase production were determined to optimize enzyme production conditions.
MATERIALS AND METHODS

Sample collection, growth media and isolation of halophilic archaea
Brine samples were collected from three hypersaline lakes of Iran ( Supplementary Fig. S1 .) during the dry season in July-October 2013. Lake Urmia is the largest hypersaline water body in Iran with a total surface area of about 6100 km 2 ; Lake Aran-Bidgol is the largest seasonal and salt-saturated playa of Iran with a surface area of about 2400 km 2 ; Lake Howz-e-Soltan is a small salt lake north of Qom city with a surface area of about 24 km 2 with 26% to 28%, 30% to 33% and 25% to 28% NaCl concentrations, respectively.
Sampling was carried out at the selected sites of the lakes. Samples were collected in sterile plastic bottles, stored at 4˚C and transferred to the laboratory. One hundred µL of each sample were inoculated in modified growth medium (MGM) with 23% (w/v) salt concentration. This medium was used for the isolation and cultivation of organisms. The medium consisted of 1% (w/v) soy peptone, 0.5% yeast extract, 1.5% agar, and salts: 3.1 M NaCl, 0. For qualitative screening of chitinase-producing haloarchaea, peptone-free MGM with 1% (w/v) colloidal chitin was used. The enzyme production medium for quantitative screening was MGM broth containing 1% (w/v) colloidal chitin without peptone.
In order to select haloarchaeal strains from all isolates, antibiotic susceptibility testing was performed. Haloarchaeal strains were selected among all isolates by their susceptibility to anisomycin antibiotic (Santa Cruz, USA). Antibiotic susceptibility testing was according to the disk diffusion method with 30 μg of antibiotic per disk [4, 21, 22] .
Chitin extraction from shrimp shells
Shrimp shell is an accessible, inexpensive and rich source of chitin. Due to the high number of strains screened in this investigation, extraction of chitin from shrimp shells was more cost-effective than the one purchased from Sigma-Aldrich. The process of chitin extraction from the shells of saline water shrimps was carried out according to the literature [23] . Shrimp shells were dried and ground. Ten g of this powder was added to 100 mL 3% NaClO -and stirred at 100°C for 10 min. This step was performed twice. The resulting powder was added to 50 ml HCl 1M and incubated at 75°C for 15 min to remove mineral salts. In order to eliminate proteins, the powder was combined with 50 ml 1 M NaOH and stirred for 20 min at 100°C. The white powder was washed repeatedly with distilled water to reach pH 7. Fourier-transform infrared (FTIR) spectroscopy was performed to determine the purity and the components of the extracted substance.
Colloidal chitin preparation
Colloidal chitin was prepared by a modification of the method of Ahmadian et al. [11] . One g of chitin powder was added slowly to 15 mL of concentrated HCl under vigorous stirring and kept at 4°C for 12 h, after which 300 mL of 96% ice-cold ethanol were added to the mixture. The flask was kept at room temperature with rapid stirring for 12 h. The contents were centrifuged for 20 min at 5000 × g and washed several times with distilled water until the colloidal chitin reached neutral pH.
Screening of isolated strains for extracellular chitinase production
Solid MGM peptone-free medium containing 23% (w/v) salt and 1% (w/v) colloidal-extracted chitin as the sole carbon source was utilized for qualitative screening. Pure archaeal strains were resuspended in 23% NaCl solution [until the turbidity was equal to McFarland standard No. 2 (6 × 10 8 c.f.u/mL)], and 100 µL of each suspension were inoculated into a colloidal chitin medium incubated at 40°C for 30 days. A clear zone around the archaeal colonies indicated chitinase production. Enzyme activity by potent strains was also verified using Sigma-Aldrich colloidal chitin in solid MGM medium.
Identification of chitinase-producing haloarchaea
Morphological and physiological characteristics of strains with chitinolytic activity were investigated in 23% (w/v) total salt solid or MGM broth. Gram staining was carried out according to Dussault's method [24] ; motility was tested by the wet mount technique [25] . Catalase and oxidase activities were examined as described [26] . 16S rRNA gene analysis was used to identify the chitinase-producing isolates and also to determine their phylogenetic relations. The cellular mass was originally prepared from selected isolates and after extracting the chromosomal DNA by the Marmur method [27] , the desired gene was amplified. This replication was performed by polymerase chain reaction (PCR) using primers of 16S rRNA, 21F (5'-TTCCGGTTGATCCYGCCGGA-3') and 1492R (5'-GGTTACCTTGTTACGACTT-3') [28, 29] . Materials and concentrations used in the PCR and the volume of each one for a reaction with a volume of 100 μl were 75 µL distilled water, 10 µL 10X buffer, 3 µL MgCl 2 (50 mM), 2.5 µL dNTP (10 mM), 3.5 µL of 21F (10 pmol) primer, 3.5 µL of 1492R (10 pmol) primer, 2 µL template (chromosomal DNA) and 0.5 µL (5 U/µ) Taq DNA polymerase. Samples containing distilled water instead of the template served as a negative control. The PCR was performed according to the following procedures: an initial denaturation step at 94°C for 5 min, followed by 30 cycles of denaturation for 1 min at 94°C, annealing for 1 min at 57°C-60°C, elongation at 72° C for 1 min with a final elongation at 72°C for 7 min. The DNA fragments were separated on agarose gel electrophoresis (1%) in 1X Tris-acetate-EDTA (TAE) buffer. Products were stained with a safe fluorescent loading dye, loaded in each well and electrophoresis was performed at a constant voltage of 100 V and 70 mA; after 60 min, the gel was inspected under UV illumination. The PCR products were sequenced in both directions. The phylogenetic relationship of the chitinase-producing strains was determined by comparing the sequencing data with the other 16S rRNA genes using EzTaxon-e (http://eztaxon-e.ezbiocloud. net/) [30] . Bioedit and ClastalX software were used to edit and align the nucleotide sequences, respectively. The phylogenetic tree was constructed by the maximum likelihood method using MEGA6 software.
Molecular confirmation of the presence of the chitinase gene in positive strains
PCR was carried out to amplify the chitinase gene [28] and to confirm its presence in positive haloarchaeal strains. PCR primers were designed according to the nucleotide sequence of a chitinase gene in Natrinema and other close genera (NC_002607.1, NC_018224.1, NC_010364.1 and NC_014731.1) obtained from the NCBI GenBank database. Conserved regions from all strains were utilized to design the primers using MEGA7 software and the OligoAnalyzer website (https://www.idtdna.com/calc/analyzer). Designed primer sequences were as follows: 611F: (5' -GGT-GACCGACATGCTGTACG -3') and 1037R: (5' -CGTTGGCGACCGACAGG -3'), which contained 20 and 17 oligonucleotides, respectively.
Assays of chitinase activity
Compared to other strains, the strain BS5 displayed a significant clear zone and was selected for further studies. The production medium was MGM broth containing 1% (w/v) colloidal chitin (Sigma-Aldrich) without peptone. A preculture medium was inoculated with the only selected strain and after 4 days, 100 µl of the pre-culture were inoculated into the enzyme production medium and incubated at 40°C for 14 days with shaking (150 rpm). Chitinase activity and growth of the selected strain were evaluated every 24 h. The degree of turbidity in the liquid inoculated culture at OD 600nm is directly related to the number of archaea present and is a convenient method of measuring cell-growth rate.
Chitinase activity was determined with 1% (w/v) colloidal chitin as the substrate by measuring the amount of reducing sugars released during substrate hydrolysis using 3,5-dinitrosalicylic acid (DNS) [31] . For preparation of the crude enzyme, the liquid inoculated culture was centrifuged at 11500 x g for 20 min (4°C). The supernatant was used as a source of crude enzyme. The reaction mixture consisted of 400 µL of enzyme solution and 100 µL substrate solution (1% colloidal chitin in 100 mM Tris buffer containing 3 M NaCl, pH 7.5). After incubation at 37°C for 30 min with shaking (150 rpm), the reaction was stopped by heating in boiling water for 20 min. The mixture was centrifuged at 5000 g for 8 min. The supernatant and an equal volume of DNS reagent (1% DNS and 40% sodium potassium tartrate tetrahydrate in 0.4 M NaOH) were boiled for 5 min and after cooling to room temperature, the absorbance at 540 nm was measured against the blank. The blank was the enzymatic mixture without the crude enzyme. After stopping the reaction by heating in boiling water for 20 min, the enzyme solution was added to the blank. One unit (U) of enzyme activity was defined as the amount of enzyme that releases 1μmol N-acetylglucosamine (GlcNAc) per 1 min under the assay [32] .
Microbial growth and enzyme production of strain BS5 under different conditions
The free-peptone MGM broth containing 1% (w/v) colloidal chitin was applied as the base medium to estimate the effect of different conditions on microbial growth and enzyme production of strain BS5. 
Statistical analysis
The data in this study are presented as the mean±SD. Data were compared using one-way ANOVA with GraphPad Prism 6.0 software. Differences were considered significant at p≤0.05.
RESULTS
Isolation of halophilic archaea
Brine samples were collected from selected sites of lakes Urmia, Aran-Bidgol and Howz-e-Soltan. After successive cultivation and antibiotic susceptibility testing, a total of 500 pure haloarchaeal strains were obtained (Table 1) .
FTIR spectroscopy
To determine the purity level and components of the extracted substance from saline water shrimp shells, FTIR spectroscopy was performed. As can be seen in Fig. 1 , spectrum A is related to the extraction compound (chitin) from shrimp shells; spectrum B was obtained after Sigma-Aldrich chitin analysis. In the spectra of both samples, a strong and wide peak at 3000-3500 cm -1 is attributed to the stretching vibration of O-H and N-H. In spectrum A, the absorption peak at 2887 cm -1 is also related to the stretching vibration of C-H in the chitin polysaccharide structure. The stretching vibrations at 1554 cm -1 and 1623 cm -1 belong to the bending vibrations of O-H and N-H, respectively. The observed peak in the area of 1300-1380 cm -1 is related to the C-N vibration. The stretching vibrations of C-O and C-O-C were observed in the 1015 and 1064 cm -1 regions, respectively. The observed peak in the 1153 cm -1 area is related to the vibration of the C-C structure. The rocking vibration of the CH 2 group is also seen in the lower range area of 700-800 cm -1 . By comparing the two spectra and verifying the presence of major peaks in the chitin polysaccharide structure (peaks were related to C-C, C-O, C-N, C-H, and O-H vibrations) in spectrum A, the successful extraction of chitin from shrimp shell was confirmed.
Chitinolytic haloarchaea
On the basis of colloidal chitin degradation and zone of clearance on MGM plates, five colonies were selected as chitinase-producing strains. Three potential strains, DC20/BS5/WS8, strain TE14 and strain SM4, were isolated from lakes Urmia, Aran-Bidgol and Howze-Soltan, respectively.
Characteristics of chitinase producing strains
Qualitative screening showed that five strains of the total number of isolates had the ability to produce chitinase. The morphological and physiological characteristics of the positive strains demonstrated that all isolated strains were polyform, stained Gram-negative, catalase and oxidase positive and non-motile. However, they differed in morphology and colony color. According to the16S rRNA gene sequence, the strains belonged to the genus Natrinema (Table-2). A phylogenetic tree was constructed by the maximum likelihood method (Fig. 2) . The closest relative of 4 strains DC20, WS8, BS5 and SM4 (Gene Bank accession numbers: MH316202, MH316203, MH316206 and MH316207, respectively) was Natrinema altunense AJ2 (T), with a Gene Bank access code AY208972 [33] , and the closest relative of strain TE14 (Gene Bank accession number: MH316204) was Natrinema pallidum NCIMB 777(T) with a Gene Bank access code AJ002949. 
Molecular confirmation of chitinase gene
The designed primer pair was used to amplify the chitinase gene. Genome extraction of potent strains was performed and amplified bands of 443 bp, detected by agarose gel electrophoresis, confirmed the presence of chitinase gene in chitinase-producing strains (Fig. 3) .
Chitinase activity assays
Compared to other strains, Natrinema sp. strain BS5 exhibited a significant clear zone. The growth curve based on the degree of turbidity in the liquid inoculated culture of Natrinema sp. strain BS5 was plotted for 14 days. The production of chitinase corresponded with Natrinema sp. strain BS5 growth, starting with a logarithmic phase, and after 144 h with an 87.2% increase it attained its maximum level (0.36±0.02 U/ml) at the beginning of the stationary phase (Fig. 4) . Colloidal chitin was considerably degraded after 14 days.
Microbial growth and enzyme production of the Natrinema sp. strain under different conditions
The optimal culture conditions (temperature, initial pH, and salt and substrate concentrations) for Natrinema sp. strain BS5 growth and chitinase production were determined. Cell growth occurred over a range of temperatures (30-45˚C), initial pH 6.0-10.0 value, and NaCl (1.5-4 M), colloidal chitin (0-3%), MgSO 4 and MgCl 2 (0-0.5 M) concentrations. Optimum growth and maximum enzyme production were achieved at 37˚C (Fig. 5a ), pH 7.5 ( Fig. 5b) , 3 M NaCl (Fig. 5c ), 1% colloidal chitin (Fig. 5d) , 0.2 M MgSO 4 ( Fig. 5e ) and 0.1 M MgCl 2 ( Fig. 5f) (p≤0.05) .
Chitinase production at 35°C and 45°C decreased by 48% and 89%, respectively. The reductions at pH 7 were by 45% and at pH 9 by 70%. At 2.5 M and 4 M NaCl and also at 0.5% and 2% colloidal chitin, 48%, 88%, 28% and 82% reductions in the production of enzyme, respectively, were observed. Although strain BS5 grew at 30°C, pH 6 or 10, 2 M NaCl and 0.0 or 3.0% colloidal chitin, no chitinase production was observed under these conditions. Enzyme production was also obtained in the absence of MgCl 2 and MgSO 4 .
DISCUSSION
Halophilic microorganisms are one of the most important groups of extremophiles that inhabit hypersaline environments. Their potential applications in several fields of biotechnology have increased because of their survival and adaptation abilities under extreme conditions, such as broad ranges of salinity [34, 35] . Compared with other domains of life, archaea are the main group among those with the ability to grow in hypersaline environments. Enzymes produced by halophiles, especially by haloarchaea, can remain active in the presence of high NaCl concentrations, some organic solvents, low water activity and also in extreme ranges of temperature and pH values [36] . Thus, they have an obvious potential for biotechnological applications.
Based on our qualitative screening results using colloidal chitin degradation and zone of clearance, among the 500 isolated haloarchaeal strains from three hypersaline lakes of Iran (Urmia, Aran-Bidgol and Howz-e-Soltan), five strains were chitinase producers.
The use of colloidal chitin in the qualitative screening of microorganisms is a standard procedure [37] [38] [39] [40] . The method used to extract chitin from shrimp shells was performed for 1 h compared with other extraction methods which lasted for at least 20 h; it can be said this extraction method is shorter, easier, more economical and faster when compared with other methods [23, 41] . The results of the FTIR test indicated that the extraction of chitin was accomplished successfully.
According to the morphological and biochemical tests and 16S rRNA sequence analysis, all 5 strains (DC20, BS5, WS8, TE14 and SM4) were closely related to the genus Natrinema. This suggests that the genus Natrinema could potentially be a great producer of chitinase, as Kakhki has also confirmed [4] .
The presence of the chitinase gene in the all 5 strains was also confirmed by PCR amplification. Generally, in archaea, sequences of putative chitinases were annotated in Halobacterium salinarum, Halomicrobium mukohataei DSM 12286, Haloterrigena turkmenica DSM, Methanoplanus petrolearius DSM 11571, Candidatus Korarchaeum cryptofilum OPF8 and Candidatus Methanoregula boonei 6A8 [20] . Although Kakhki et al. [4] qualitatively showed that 3 isolates of genus Natrinema were able to produce chitinase, our investigation was the first description of chitinase gene activity in this genus.
As the results shows, Natrinema sp. strain BS5 was capable of forming a significant clear zone around its colony compared with other isolated strains; consequently, this strain was selected for future studies. The production of chitinase in strain BS5 attained its maximum level at the beginning of the stationary phase. Maximum enzyme production was at 37°C, pH 7.5, 3M concentration of NaCl, 1% colloidal chitin, 0.2 M and 0.1 M concentration of MgSO 4 and MgCl 2 , respectively. Chitinase production was observed at 35°C up to 45°C, and a broad range of pH (7.0-9.0), indicating the tendency of the strain to produce chitinase at alkaline pH. NaCl was a necessary factor for enzyme production because no enzyme production was observed at levels lower than 2.5 M NaCl. The strain had the ability to produce the enzyme even in 4 M NaCl. Since chitinase production was completely dependent on strain growth, reductions in its production occurred at 35°C and 45°C to 48% and 89%, respectively, at pH 7 and pH 9 to 45% and 70%, respectively, at 2.5 M and 4M NaCl to 48% and 88%, respectively, and in the presence of 0.5% and 2.0% colloidal chitin to 28% and 82%, respectively. In addition, chitinase production was observed in the absence of MgCl 2 and MgSO 4 : it was therefore concluded that enzyme production is Mg 2+ -independent. The ability of strain BS5 to produce chitinase at high salt concentrations with no Mg 2+ requirement can be of great use in industry. Although the optimal temperature for growth and chitinase production in strain BS5 was at 37°C, Halomicrobium and Salinarchaeum have a maximal growth temperature at 48°C, and Haloterrigena at 50°C in the presence of chitin [42] . In other studies, an optimal temperature between 30°-65°C and pH between 5-9 were reported for the production of bacterial chitinases [8, 43] . Also, the study on Halomicrobium and Salinarchaeum which utilize chitin as growth substrate showed that the concentration of 3.5-4.5 M NaCl is optimal for haloarchaeal growth [42] . In other cases, bioconversion and chitin catabolism in Haloferax mediterranei was accomplished after characterization of the relative genes [44] . Recombinant chitinase activity was also investigated in Thermococcus kodakaraensis KOD1, Pyrococcus furiosus, and Halobacterium salinarum [17] [18] [19] . Staufenberger et al. [20] expressed ORF BAB65950, which encodes functional chitinase, from Sulfolobus tokodaii in E. coli. Sorokin et al. [42] examined several halo (natrono) archaeal strains for their ability to grow on insoluble cellulose and chitin as a sole growth substrate in salt-saturated mineral media. In 2011, Kakhki et al. [4] showed that 3 isolates of genus Natrinema were able to produce chitinase. Other studies on Natrinema have also revealed the ability to produce xylanase, amylase, caseinase and cellulase [45] . A protease gene (sptA), was cloned from the halophilic archaeon Natrinema sp. J7 in Haloferax volcanii WFD11. The SptA protease was optimally active at 50°C in 2.5 M NaCl at pH 8.0 [46] . However, our investigation is not in full agreement with these findings and we did not compare them with our results.
CONCLUSIONS
The genus Natrinema, isolated from hypersaline lakes in Iran, is a potential source of chitinase production. This investigation, for the first time, describes chitinase gene activity in the Natrinema genus using PCR amplifications and quantitative surveying. To our knowledge, this is the first report that this genus possesses the ability to grow and produce chitinase in the absence of Mg
2+
. Thus, it could possess potential commercial value.
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